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ABSTRACT 

Many consumables a n a l y s i s  t e c h n i q u e s  have been deve l -  
oped by NASA and Apollo c o n t r a c t o r s  and s e v e r a l  o f  these methods 
are e v o l v i n g  w i t h  t h e  Apollo program t o  improve t h e i r  u s e f u l n e s s .  
One method o b t a i n e d  from MSC, Mission P lann ing  and Ana lys i s  
D i v i s i o n ,  i s  a s i m p l i f i e d  LM e l e c t r i c a l  power subsystem program 
t h a t  p r o v i d e s  a q u i c k  l o o k  c a p a b i l i t y  f o r  e l e c t r i c a l  ene rgy ,  
water, and oxygen e x p e n d i t u r e  p r e d i c t i o n s .  T h i s  method i s  
described and an example based on the  first l u n a r  l a n d i n g  
( m i s s i o n  G-1) i s  d i s c u s s e d .  

The LM q u i c k  l o o k  progmrn Is based ori a iiiission m d u -  
l a r  data book approach .  I n p u t s  t o  t h e  computer program a r e  
mis s ion  b l o c k  t i m e s  and consumable usage  ra tes .  The o u t p u t s  
p rov ided  i n c l u d e  consumables remain ing  a f t e r  each  m i s s i o n  
phase .  T h i s  method i s  convenient  t o  u s e  f o r  p r e l i m i n a r y  
mis s ion  p l a n n i n g  and can g i v e  s u f f i c i e n t  accu racy  f o r  t h i s  purpose  
i f  t h e  i n p u t s  are v a l i d .  

The mis s ion  G-1 a n a l y s i s  demons t r a t e s  an a p p l i c a t i o n  o f  
t h e  s u b j e c t  method and emphasizes t h e  need t o  a c c u r a t e l y  d e f i n e  
i n p u t  data. Based on t h e  r e s u l t s  o f  t h e  a n a l y s i s  some con- 
sumables are marginal. The low margins  i n d i c a t e  a need t o  
per form a d d i t i o n a l  consumables a n a l y s e s .  Also,  more c a r e f u l  
e v a l u a t i o n  o f  i n p u t s  i s  needed t o  a s s u r e  t h a t  t h e  r e s u l t s  are 
v a l i d  b e f o r e  r e l y i n g  on them. 
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/ 

I n  t h e  c o u r s e  o f  p l a n n i n g  Apollo m i s s i o n s ,  and i n  
subsequent  e v a l u a t i o n s  o f  f l i g h t  data,  i t  i s  n e c e s s a r y  t o  have 
v a l i d  a n a l y t i c a l  methods f o r  p r e d i c t i n g  and comparing space-  
c r a f t  consumables usage .  
been developed b y  NASA and Apollo c o n t r a c t o r s  t o  suppor t  
m i s s i o n  p l a n s  and e v a l u a t i o n s .  S e v e r a l  o f  these methods are 
e v o l v i n g  w i t h  t h e  Apollo program t o  improve t h e i r  u s e f u l n e s s  th rough  
i n c r e a s e d  accu racy  or f l e x i b i l i t y .  
m G h a s i z e  t h e  need t o  understarld t h e  methods i n  o r d e r  t o  
v a l i d l y  use  t h e  consumables c a l c u l a t i o n s .  

Consumables a n a l y s i s  methods have 

The r e s u l t i n g  changes 

We a t  Bellcomm need b o t h  t o  per form consumables 
a n a l y s e s  t o  s u p p o r t  e n g i n e e r i n g  s t u d i e s  and t o  u s e  NASA consum- 
ables  r e p o r t s  t o  s u p p o r t  miss ion  p l a n n i n g .  
a c q u i r e d  s e v e r a l  p rocedures  used f o r  consumables a n a l y s e s  a t  
M S C .  One o f  these methods p rov ides  a q u i c k  l o o k  a n a l y s i s  o f  
LM consumables,  as d e s c r i b e d  i n  t h i s  r e p o r t .  

The LM q u i c k  look  consumables a n a l y s i s  method i s  
based on a s i m p l i f i e d  LM e l e c t r i c a l  power subsystem program 
d e v i s e d  by  t h e  Consuypj les  Analys is  S e c t i o n ,  Guidance and Per- 
formance Branch, MSC . The program computes LM e l e c t r i c a l  
ene rgy ,  oxygen and water r equ i r emen t s ,  based on m i s s i o n  b lock  
usage  ra tes .  

T h e r e f o r e ,  w e  have 

The a n a l y s i s  method i s  d e s c r i b e d  i n  t h e  f o l l o w i n g  
s e c t i o n .  
t h e  f i r s t  l u n a r  l a n d i n g  miss ion  i s  d i s c u s s e d ,  fo l lowed by 
c u ~ ~ e f i t  conc lus ions  er, t h e  a p p l i c a t i o n  o f  t h e  method and r e s u i t -  
i n g  data .  

Then an  example o f  a p p l y i n g  t h i s  a n a l y s i s  method t o  

A N A L Y S I S  METHOD 

The LM qu ick  look  consumables a n a l y s i s  method u s e s  a 
s i m p l e  d i g i t a l  computer program t o  c a l c u l a t e  expended commodities 
v e r s u s  mis s ion  t i m e  f o r  s p e c i f i e d  e x p e n d i t u r e  r a t e s .  The con- 
sumables computed a r e  e l e c t r i c a l  ene rgy ,  water and oxygen. 
program i s  w r i t t e n  i n  F o r t r a n  for use  on a Univac 1108 d i g i t a l  
computer.  

The 
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The computer program a c c e p t s  i n p u t  data as p r o v i d e d  by 
t h e  U n i v e r s a l  Miss ion  Modular Data Book and m o d i f i c a t i o n s  as 
s p e c i f i e d  f o r  a p a r t i c u l a r  mi s s ion  r e q u i r e m e n t .  ( 2 )  
i n p u t  data are i n i t i a l  t o t a l  consumable q u a n t i t i e s ,  m i s s i o n  phase  
( b l o c k )  t i m e  ( s t a r t  and e n d ) ,  b l o c k  power,  changes i n  b l o c k  
power, n e t a b o l i c  r a t e ,  oxygen l e a k a g e  r a t e ,  water f o r  PLSS r e f i l l ,  
and oxygen f o r  c a b i n  r e p r e s s u r i z a t i o n  and PLSS r e f i l l .  The con- 
sumables  usages  are  computed f o r  e a c h  phase  from t h e  phase  t i m e  
and  usage  r a t e .  I f  t h e  t o t a l  u sage  r a t e  f o r  one commodity i s  
dependent  on a n o t h e r  commodity usage r a t e ,  t h e  program computes 
b o t h  t h e  dependent  ra te  and t h e  q u a n t i t y  used .  

The r e q u i r e d  

E l e c t r i c a l  energy  i s  c a l c u l a t e d  by  m u l t i p l y i n g  t h e  b l o c k  
r a t e  (wat t s )  by  t h e  phase t ime. The energy  used i n  e a c h  sequen- 
t i a l  phase  of a mis s ion  i s  suktracted from t h e  s p e c i f i e d  ba t -  
t e r i e s  ( a s c e n t  or d e s c e n t ) .  The r e s u l t i n g  o u t p u t s  are  a s c e n t  
and  d e s c e n t  ene rgy  used and r ema in ing  f o r  each  phase .  The i n p u t  
data can  be  a d j u s t e d  t o  r e p r e s e n t  s p e c i f i c  mis s ion  r e q u i r e m e n t s  
uy D p c L ~ ~ ~ ~ ~ ~ &  a d e i t a  power and t n e  p l anned  phase  s t a r t  and end 
t imes.  
hT, " - A n :  -P*. :-- 

Water Pequi rements  a r e  c a l c u l a t e d  u s i n g  a c o n s t a n t  
r a t e  f o r  s t r u c t u r a l  heat c o n t r o l  (1 l b / h r . )  and u r i n e  l o s s  (0.11 
lb/hr/man ) p l u s  v a r i a b l e  l o s s e s  p r o p o r t i o n a l  t o  e l e c t r i c a l  heat 
and m e t a b o l i c  r a t e s .  The e l e c t r i c a l  c o n t r o l  water r equ i r emen t  
i n  l b s / h r .  i s  0.0027 x power i n  watts -0.0650. The water r e q u i r e -  
ment ( i n  l b s / h r . )  t h a t  i s  p r o p o r t i o n a l  t o  me tabo l i c  r a t e  i s  e s t i -  
mated as 1 1 2 . 4 3  x 10-5 x me tabo l i c  r a t e  i n  BTU/hr.  Water used  
f o r  PLSS r e f i l l  i s  added from i n p u t  data  i n  t h e  phase r e q u i r e d .  
Ou tpu t s  are t h e  a s c e n t  water and d e s c e n t  water r ema in ing  a f te r  
e a c h  s e q u e n t i a l  mi s s ion  phase .  

Oxygen r e q u i r e m e n t s  a re  c a l c u l a t e d  from t h e  c a b i n  leak- 
age r a t e  ( 0 . 2  l b s / h r . ) ,  me tabo l i c  r a t e s ,  c a b i n  r e p r e s s u r i z a t i o n  
q u a n t i t i e s  and PLSS r e f i l l  q u a n t i t i e s .  The oxygen usage  r a t e  i n  
l b / h r  p r o p o r t i o n a l  t o  me tabo l i c  r a t e  i s  est imated as 1 . 6 4 3  x 10-4 
x m e t a b o l i c  r a t e  i n  BTU/hr .  Oxygen used  f o r  c a b i n  r e p r e s s u r i z a t i o n  
and  PLSS r e f i l l  i s  added from i n p u t  data i n  t h e  phase r e q u i r e d .  
u i i b p u t ~  are t h e  ascerii oxygen and d e s c e n t  oxygen r ema in ing  a f t e r  
e a c h  s e q u e n t i a l  mi s s ion  phase .  
n &-.- 

The LM consumables method d e s c r i b e d  p r o v i d e s  a r a p i d  
and r e l a t i v e l y  f l e x i b l e  means o f  computing LM consumables 
r e q u i r e m e n t s  w i t h  one computer r u n  for each  m i s s i o n  d e s c r i p t i o n .  
The prime assets  o f  t h i s  method are  s i m p l i c i t y  and convenience .  
The accuracy  p rov ided  i s  l i m i t e d  b y  t h e  accu racy  o f  t h e  i n p u t  
data. For example,  t h e  g e n e r a l  es t imate  o f  accu racy  f o r  consum- 
ables  computa t ions  based on t h e  Miss ion  Modular Data Book pa ra -  
meters i s  + 10%. However, t h e  a c c u r a c y  can  be improved by modi- 
f y i n g  t h e  data book parameters  t o  more p r e c i s e l y  match s p e c i f i c  
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m i s s i o n  p a r a m e t e r s  as t h e y  a r e  de te rmined .  If s u f f i c i e n t  c a r e  
i s  t a k e n  i n  d e t e r m i n i n g  t h e  inpu t  p a r a m e t e r s ,  t h i s  method w i l l  
g i v e  r e s u l t s  compat ib le  w i t h  the  needs  of p r e l i m i n a r y  m i s s i o n  
p l a n n i n g .  A more a c c u r a t e  method, e . g . ,  a more p r e c i s e  m i s s i o n  
s i m u l a t i o n  program, should  be used  f o r  the  f i n a l  a n a l y s i s  o f  
a mis s ion .  

MISSION G - 1  PRELIMINARY ANALYSIS 

An a n a l y s i s  o f  t h e  f i r s t  l u n a r  l a n d i n g  m i s s i o n  LM 
consumables w a s  performed as an example o f  t h e  a p p l i c a t i o n  o f  
t h e  s u b j e c t  method. T h i s  a n a l y s i s  does n o t  presume t h a t  t h e  
o u t p u t s  p r e s e n t e d  h e r e i n  a c c u r a t e l y  p r e d i c t  t h e  mis s ion  G-1 
consumables usage .  However, t h i s  a n a l y s i s  can s e r v e  as a base- 
l i n e  f o r  f u r t h e r  i n p u t  data v a l i d a t i o n  and m i s s i o n  p l a n n i n g .  
The method o f  e s t a b l i s h i n g  t h e  i n p u t  t i m e l i n e  and consumables 
ra tes  data used  and t h e  r e s u l t i n g  consumables expended are 
d e s c r i b e d  below. 

A m i s s i o n  t i m e l i n e  was d e r i v e d  f r o m t h e  LM t i -me l ine  
p r e s e n t e d  a t  t h e  m i s s i o n  review o f  t h e  f i r s t  l u n a r  E V A . ( 3 )  
The l u n a r  s u r f a c e  t i m e  was i n c r e a s e d  s l i g h t l y  t o  a l l o w  a l o n g e r  
r e s t  p e r i o d ,  r e s u l t i n g  i n  a 22  hour  s u r f a c e  s t a y  t i m e  w i t h  one 
EVA p e r i o d .  The LM t i m e l i n e  was i n t e g r a t e d  i n t o  t h e  o v e r a l l  
m i s s i o n  t i m e l i n e  g i v e n  i n  Mission G S p a c e c r a f t  Reference  T r a j -  
e c t o r y  by s y  r o n i z i n g  t h e  l u n a r  o r b i t  i n s e r t i o n  ( L O I )  i n i t i -  
a t i o n  t imes.  ?'f Within t h i s  t i m e  frame, i n d i v i d u a l  phase  a c t i -  
v i t i e s  were estimated p r i m a r i l y  based  on t h e  Mission Modular 
Data Book.(*) 
T h i s  t a b l e  l i s t s  t h e  "Phase Name"  and "Block No." s e l e c t e d  from 
r e f e r e n c e  2 .  The "Mission T i m e "  i s  t h e  s t a r t i n g  t i m e  o f  e a c h  
phase  i n  h o u r s ,  minutes  and seconds measured from l i f t  o f f  and 
"Phase T i m e "  i s  t h e  phase  d u r a t i o n  i n  hour s .  The "Rate x 7 .5"  
column i n  Tab le  one l i s t s  t h e  e l e c t r i c a l  power, i n c l u d i n g  7 . 5 %  
f o r  d i s t r i b u t i o n  l o s s e s ,  f o r  each  phase .  

The t i m e l i n e  phases  are i t e m i z e d  i n  Table  I .  

The consumables block usage r a t e s  were based on r e f -  
e r e n c e  2 .  However, t h e  e l e c t r i c a l  power was modi f ied  t o  p r e s e n t  
s p e c i f i c  r equ i r emen t s  a n t i c i p a t e d  f o r  X i s s i o n  G - i .  M o d i f i c a t i o n s  
t o  t h e  power r equ i r emen t s  were made u s i n g  d a t a  from an  MSC l u n a r  
l a n d i n g  mis s ion  LM descen t  power budget s t u d y  an t o ubsequent  

e l e c t r i c a l  power budget used i n  t h i s  a n a l y s i s  i s  p l o t t e d  i n  F i g u r e  
1. Although i t  i s  assumed t h a t  t h e s e  data are  more a c c u r a t e  t h a n  
d i r e c t  a p p l i c a t i o n  o f  t h e  data book p a r a m e t e r s ,  t h e y  shou ld  be 
updated  or v a l i d a t e d  by more r e c e n t  requi rement  p r e d i c t i o n s  b e f o r e  
t h i s  a n a l y s i s  o u t p u t  i s  used  for any c r i t i c a l  mi s s ion  e v a l u a t i o n s .  

s t u d i e s  o f  t h e  d e s c e n t  power budget a t  Bellcomm. ? 5 ~ x , 7 8  The 
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Ou tpu t s  o f  e l e c t r i c a l  ene rgy  were p l o t t e d  as shown 
i n  F i g u r e  1. A l i b e r a l  u se  o f  power i s  i n d i c a t e d  by t h e  power 
p r o f i l e  cu rve ,  i . e . ,  s y s t e m s  were n o t  powered down t o  o b t a i n  
maximum a v a i l a b l e  c o n s e r v a t i o n  o f  e n e r g y .  T h i s  u sage  appea red  
r e a s o n a b l e  because  t h e  l u n a r  s t a y  t i m e  f o r  m i s s i o n  G - 1  i s  much 
s h o r t e r  t h a n  t h e  nominal  d e s i g n  r e f e r e n c e  m i s s i o n .  The watt- 
hour s  consumed and r ema in ing  c u r v e s  i n d i c a t e  t h e  consumables 
s t a t u s  th roughou t  t h e  mis s ion .  The d e s c e n t  s t a g e  f o u r - b a t t e r y  
c a p a c i t y  (46 .9  KWH i n i t i a l l y )  i s  r educed  t o  33 KWH a t  touch-  
down and 1 . 2  KWH b e f o r e  l i f t  o f f .  The a s c e n t  stage two-ba t t e ry  
c a p a c i t y  ( 1 7 . 8  KWH i n i t i a l l y )  i s  r educed  t o  1 6 . 2  KWH a t  l i f t  
o f f ,  8 KWH a f t e r  dock ing  and 5 .8  KWH a f t e r  crew t r a n s f e r  t o  t h e  
CSM. 

The e l e c t r i c a l  energy ca l cu la t ions  i n d i c a t e  a need t o  
conse rve  consumables ,  even though t h e  m i s s i o n  has been  s h o r t e n e d  
by e l i m i n a t i n g  one EVA p e r i o d .  The h i g h  e l e c t r i c a l  consumption 
i s  p a r t l y  a t t r i b u t e d  t o  u s i n g  l a r g e r  power v a l u e s  t h a n  i n  t h e  
data boook i n  some p e r i o d s ,  b u t  t o  a la rger  e x t e n t  i s  caused  by 
t h e  f a c t  t ha t  t h e  o v e r a l l  LM m i s s i o n  t i m e l i n e  i s  e s s e n t i a l l y  as 
l o n g  as p r e v i o u s l y  p lanned  f o r  a two EVA m i s s i o n .  The l u n a r  
s t a y  t i m e  has been d e c r e a s e d  by o v e r  3 h o u r s ,  b u t  t h e  o v e r a l l  
t i m e  from LM power on p r i o r  t o  d e s c e n t  t o  crew t r a n s f e r  a f t e r  
a s c e n t  i s  abou t  35 h o u r s .  T h i s  i s  comparable t o  t h e  t i m e  used  
i n  r e f e r e n c e  5.  

The water and oxygen o u t p u t s  a re  shown i n  F i g u r e  2 .  
The d e s c e n t  w a t e r  r ema in ing  i s  92 l b s .  o f  approx ima te ly  314 
l b s .  l oaded  and t h e  oxygen remain ing  i s  20  l b s .  o f  about  45 
l b s .  l oaded .  I n  t h e  a s c e n t  stage 4 0  l b s .  o f  t h e  i n i t i a l  80 l b s .  
o f  water remain and abou t  2 lbs. of oxygen are  l e f t  o f  t h e  i n i -  
t i a l  4 . 1  l b s .  These margins  may b e  s u f f i c i e n t ,  b u t  t h e y  a l s o  
i n d i c a t e  a need t o  conse rve  consumables t o  accommodate c o n t i n -  
g e n c i e s ,  e .g . ,  loss o f  one a s c e n t  water or oxygen t a n k .  

T h i s  mi s s ion  G h l  a n a l y s i s  d e m o n s t r a t e s  t h e  a p p l i c a -  
b i l i t y  o f  t h e  q u i c k  l o o k  consumables a n a l y s i s  method. It a l s o  
h i g h l i g h t s  t h e  need t o  a c c u r a t e l y  i d e n t i f y  t he  t i m e l i n e  d u r a t i o n  
and o p e r a t i o n s  and t h e  consumables b l o c k  Usage r a t e s  i n  o r d e r  t o  
o b t a i n  v a l i d  r e s u l t s .  The accuracy  o f  t h e  a n a l y s i s  can be impro- 
ved by i n c o r p o r a t i n g  new i n p u t  da ta  as i t  i s  a c q u i r e d  f o r  e i t h e r  
one or more b l o c k s  a t  a t i m e .  

CONCLUSIONS 

The M S C  q u i c k  l o o k  LM consumables a n a l y s i s  program pe r -  
forms w e l l  and shou ld  p r o v i d e  u s e f u l  o u t p u t s  i f  c a r e  i s  t a k e n i n  
s p e c i f y i n g  a c c u r a t e  i n p u t  usage r a t e s  and phase  t imes .  The program 
p r o v i d e s  a convenient  t o o l  f o r  p r e l i m i n a r y  m i s s i o n  p l a n n i n g .  
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Our understanding of MSC's consumables predictions 
is enhanced by acquisition and study of this LM consumables 
program. New acquisitions of MSC analyses using this method 
can be helpful in understanding MSC's mission plans and in 
improving our ability to support engineering analysis of pro- 
posed missions and configurations. 

Analysis of the G - 1  mission indicates that, although 
the mission has been simplified, careful consideration of the 
conservation of consumables is still required. However, the 
input data used in this study must be validated or improved 
before relying too heavily on the results. 
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